Objective: To compare the efficacy and safety of etanercept and sulfasalazine, alone and in combination, in patients with active rheumatoid arthritis despite sulfasalazine treatment. Methods: A double-blind, randomised study in adult patients with active rheumatoid arthritis despite stable sulfasalazine (2-3 g/day) treatment. The primary end point was a 20% response by the American College of Rheumatology (ACR) criteria at 24 weeks. Results: At baseline, the three treatment groups (sulfasalazine, n = 50; etanercept, n = 103; etanercept and sulfasalazine, n = 101) were comparable for demographic variables and disease activity. Lack of efficacy was the primary reason for discontinuation (sulfasalazine, n = 12; etanercept, n = 1; etanercept and sulfasalazine, n = 4; p,0.001). Significantly more patients receiving etanercept, alone or in combination (74% for each), achieved ACR 20 responses at 24 weeks than those receiving sulfasalazine (28%; p,0.01). Similarly, more patients in the etanercept groups achieved ACR 50 and ACR 70 responses than those in the sulfasalazine group (p,0.01). In the groups receiving etanercept, significant differences in the ACR core components were observed by week 2 compared with those receiving sulfasalazine alone (p,0.01). The incidences of several common adverse events (headache, nausea, asthenia) were lower with etanercept alone than with the combination (p,0.05), but infections and injection site reactions were higher with etanercept alone (p,0.05). The safety profiles of both etanercept treatment groups were comparable with previous experience of etanercept. Conclusions: For all efficacy variables assessed, etanercept alone or in combination with sulfasalazine resulted in substantial and similar improvement in disease activity from baseline to week 24 compared with sulfasalazine alone in patients with active rheumatoid arthritis despite their sulfasalazine treatment. All three treatments were generally well tolerated. R heumatoid arthritis is a systemic disease characterised by chronic persistent inflammation of the joints and juxta-articular bone destruction. 1 The disease affects about 1% of adults in the industrialised world. Patients develop progressive functional limitation, physical disability and an increased mortality compared with the general population. 2 3 Etanercept is a soluble dimeric fusion protein consisting of two human 75-kDa tumour necrosis factor (TNF) receptors linked to the Fc portion of human immunoglobulin (Ig) G1. 4 The binding of etanercept to TNF results in a considerable reduction in the inflammatory activity associated with rheumatoid arthritis. Etanercept, alone 5 6 and in combination with the disease-modifying antirheumatic drug (DMARD) methotrexate, [7] [8] [9] has been shown to be effective and well tolerated in the treatment of rheumatoid arthritis. In the trial of etanercept and methotrexate with radiographic and patient outcomes (TEMPO) on patients with active rheumatoid arthritis, Klareskog et al 7 observed that after 6 months of treatment, the combination of etanercept and methotrexate was superior to either treatment alone in reducing the signs and symptoms of rheumatoid arthritis and in improving functional disability.
Although methotrexate is the most widely used DMARD in the treatment of rheumatoid arthritis, studies have shown that sulfasalazine is also effective in controlling disease activity. [10] [11] [12] [13] [14] [15] Currently, there are no data from controlled trials on etanercept with sulfasalazine in the treatment of patients with rheumatoid arthritis. Here we report the 6-month data from a 2-year double-blind study evaluating the efficacy and tolerability of etanercept added to sulfasalazine, etanercept alone and sulfasalazine alone in patients with active rheumatoid arthritis whose symptoms were not adequately controlled with sulfasalazine treatment.
PATIENTS AND METHODS

Study design and patients
This double-blind, randomised, parallel, multicentre study was conducted on patients who had active rheumatoid arthritis despite treatment with sulfasalazine. Eligible patients were >18 years of age with disease duration (20 years who had active adult-onset rheumatoid arthritis (functional class I-III), 16 defined as >6 swollen and >10 painful joints, and at least one of the following: erythrocyte sedimentation rate (ESR) >28 mm at the end of the first hour, serum C reactive protein (CRP) >20 mg/l or morning stiffness >45 min. Patients must have received stable doses Abbreviations: ACR, American College of Rheumatology; CRP, C reactive protein; DAS, Disease Activity Score; DMARD, diseasemodifying antirheumatic drug; ESR, erythrocyte sedimentation rate; HAQ, Health Assessment Questionnaire; ISR, injection site reaction; TNF, tumour necrosis factor; VAS, Visual Analogue Scale; WBC, white blood cell of sulfasalazine (2-3 g daily) for >4 months before screening, without signs of toxicity.
Patients were ineligible if (1) they had received etanercept or other TNF antagonists or (2) if they had received a DMARD other than sulfasalazine within 3 months before baseline. Other exclusion criteria included the use of any immunosuppressive biological agents or cyclophosphamide within 6 months before screening, parenteral corticosteroids within 4 weeks before screening, and the presence of relevant comorbidity, including active infections. Patients were permitted stable doses of oral corticosteroids ((10 mg/day of prednisone or equivalent), one non-steroidal anti-inflammatory drug, simple analgesics with no anti-inflammatory action or daily doses of aspirin ((300 mg) during the study.
Patients with diseases that included cancer, congestive heart failure, uncontrolled hypertension, severe pulmonary disease, leucopenia, renal disease, thrombocytopenia or connective tissue disorders other than rheumatoid arthritis were not included. Pregnant or breastfeeding women were also not included.
The study was conducted in accordance with the International Conference on Harmonisation guidelines for Good Clinical Practice in the European Community and the Declaration of Helsinki. Ethics committees of the participating centres approved the study protocol. Patients gave written informed consent before participation.
Treatment
Patients were randomly assigned to one of three treatments for up to 24 weeks at a 2:1:2 ratio: etanercept (25 mg subcutaneous injections twice weekly and oral placebo once daily); sulfasalazine tablets (2, 2.5 or 3 g daily and subcutaneous placebo twice weekly); or etanercept and sulfasalazine (subcutaneous etanercept 25 mg twice weekly and sulfasalazine 2, 2.5 or 3 g once daily). All patients received identical-appearing injectible and oral test articles. Patients receiving sulfasalazine continued to receive their pre-study dose.
Assessment
The patients' response to treatment was assessed at baseline and at weeks 2, 4, 8, 12, 16, 20 and 24. The primary efficacy end point was the percentage of patients achieving >20% improvement as assessed by the ACR 20 response 17 at week 24. Secondary end points included the ACR response rates (ACR 20, ACR 50 and ACR 70), 17 Disease Activity Scores (DAS; assessment of 44 swollen joints and ESR), 18 number of painful joints, 19 number of swollen joints, 19 morning stiffness (min), physician and patient global assessments (0-10 scales), 19 Health Assessment Questionnaire (HAQ), 20 pain Visual Analogue Scale (VAS), 19 general health VAS, EuroQOL VAS, 21 ESR and CRP at the aforementioned time points. Safety assessments were based on reports of adverse events and results of routine physical examinations and laboratory determinations. Treatment-emergent adverse events were defined as adverse events that were not present at baseline or events that were present at baseline but worsened during the study.
Statistical analysis
Binary efficacy end points of ACR 20, ACR 50 and ACR 70 response rates were analysed using the Mantel-Haenszel x 2 test, stratified by study centre. For continuous and ordinal efficacy end points, including physician and patient global assessment of disease activity, pain VAS, number of swollen joints and painful joints, HAQ, ESR, CRP and morning stiffness, the changes from baseline were analysed with a two-way analysis of covariance with treatments and centre as factors and the baseline value as a covariate. The percentage improvement, defined as adjusted mean change per overall baseline mean, was also calculated for continuous and ordinal efficacy end points. All efficacy analyses were based on a modified intent-to-treat population, including all randomly assigned patients who received any test article and provided efficacy data at baseline and at any postbaseline evaluation. The efficacy analyses used the lastobservation-carried-forward imputation approach to account for missing data at various time points. For comparisons of baseline demographic characteristics among treatment groups, a one-way analysis of variance with treatment as a factor was used for continuous or ordinal variables and Mantel-Haenszel x 2 test for binary variables. Adverse events (all and treatment-emergent) were summarised and compared among treatment groups, using Fisher's exact test. The baseline data and adverse event comparisons were based on an intent-to-treat population, including all randomly assigned patients who received any test article.
RESULTS
Patient characteristics and disposition
Of the total of 260 patients who were randomly assigned in the study, 254 received at least one dose of the study treatment (sulfasalazine, n = 50; etanercept, n = 103; and combination, n = 101). Demographically, the patients enrolled in this study constituted a typical population with rheumatoid arthritis, in that they were predominantly women and middle aged (table 1). We found no major differences among the groups in baseline characteristics other than the number of patients with a history of corticosteroid use.
A total of 221 (87%) patients completed the study. Unsatisfactory response to treatment, the most common primary reason for discontinuation, was reported by more patients receiving sulfasalazine alone (24%) than by those receiving etanercept alone (1%) or etanercept and sulfasalazine (4%; p,0.001, sulfasalazine v etanercept or combination therapy). We found no significant difference in the percentage of patients (6% sulfasalazine, 6% etanercept, 1% combination) who withdrew because of adverse events.
Clinical response
The primary efficacy variable, percentage of patients achieving an ACR 20 response, was significantly higher in both groups of patients at week 24, those receiving etanercept alone (73.8%) and those receiving combination therapy (74.0%), than in the group receiving sulfasalazine alone (28.0%; p,0.01; fig 1A) . Similar significant differences among the treatment groups were seen in the ACR 50 (46.6%, 52.0% and 14.0%, respectively; p,0.01) and ACR 70 (21.4%, 25.0% and 2%, respectively; p,0.01) response rates at week 24 ( fig 1B,C) . This difference was significant, starting at week 2 for ACR 20 and ACR 50 and at week 8 for ACR 70 (fig 1A-C) . Response rates were not significantly different between the two groups receiving etanercept.
Control of disease activity as assessed by DAS paralleled the response assessed by the ACR criteria ( fig 2) and was significantly greater in the group receiving etanercept than in that receiving sulfasalazine alone starting at week 2 (p,0.01). Significantly higher improvement in DAS was seen at week 24 in the groups receiving etanercept (48.2%) and combination (49.7%) than in that receiving sulfasalazine alone (19.6%; p,0.01, etanercept or combination v sulfasalazine). For all efficacy variables assessed, etanercept, alone or in combination with sulfasalazine, resulted in similar improvement from baseline to week 24, which was significantly higher than the improvement resulting from continuation of sulfasalazine. Significant improvement (p,0.01) was seen as early as 2 weeks, the first visit after the treatment intervention. Table 2 shows the percentage improvement at week 24 for a selected set of variables.
Outcomes reported by patients, as measured by the HAQ, EuroQOL and general health VAS, were significantly improved in the groups receiving etanercept compared with those continuing sulfasalazine alone (p,0.01). Improvements in physical function, as measured by mean HAQ scores, started at week 2 and were sustained to week 24 (p,0.01; fig 3) . Similar results were seen with the pain VAS (p,0.01). At all visits, the improvements in both the groups receiving etanercept were not different from each other. The improvement in CRP and ESR, in both the groups receiving etanercept, was significantly greater than that in the group receiving sulfasalazine (from week 2 onwards; p,0.01). From week 4 to week 20, ESR levels in the group receiving the combination were significantly lower than those in the group receiving etanercept alone (p,0.05). However, at week 24, the difference between the two groups receiving etanercept was not significant.
Adverse events
The frequency of adverse events other than infections was similar across all treatment groups (table 3). Etanercept alone was associated with significantly fewer reports of headache, asthenia and nausea than the combination or sulfasalazine alone; injection site reactions (ISRs) were reported more frequently in the groups receiving etanercept alone than in the group receiving either the combination or sulfasalazine alone. Agranulocytosis was not reported during the study. Fever was reported more often in the group receiving sulfasalazine than in the one receiving etanercept. No cases of tuberculosis were reported during the study.
We noted significantly more infections (p,0.05) in the group receiving etanercept (47 (45.6%)) than in the group receiving either sulfasalazine (13 (26.0%)) or the combination (31 (30.7%)). We found no significant differences among the three treatment groups for any individual infection.
In this study, a significant decrease in mean white blood cell (WBC) counts was observed in patients receiving the combination compared with those receiving either monotherapy (p,0.001), although the difference between the two groups receiving monotherapy was not significant. However, the mean, as well as most WBC counts in the combination group, was within the normal range (at week 24, mean WBC count in this group was 6.647610 9 (range 2.900-11.800610 9 ) cells/ml). The decrease in mean WBC count was not associated with any increase in specific adverse events or infections in the combination group, and no patients discontinued because of leucopenia. Mild leucopenia (lowest WBC count 2.7610 9 cells/ml) was reported in six patients (combination (n = 5), etanercept (n = 1); not significant), but all events were transient in nature and reverted to normal while the patients continued in the study.
Three infections (sinusitis, pharyngitis and septic arthritis) that were considered serious (requiring hospitalisation or treatment with parenteral antimicrobial agents) occurred in two patients receiving etanercept. In all, 3 (2.9%) patients receiving etanercept, 5 (5.0%) receiving the combination and 1 (2.0%) receiving sulfasalazine experienced non-infectious serious adverse events (those associated with hospitalisation or classified as medically important). Only three of these patients, one from each treatment group, discontinued from the study because of the adverse event. The differences among the treatment groups were not significant. No patients died during the study.
Two patients who received etanercept alone were diagnosed with a malignancy or a premalignant condition during the study; one with a history of skin cancer developed an actinic squamous cell carcinoma on his lower lip and was later discontinued from the study because of lack of efficacy, and the other was diagnosed with myelodysplastic syndrome after 12 weeks of treatment, which led to acute myelogenous leukaemia after the patient was withdrawn from the trial. The patient died of complications associated with this condition about 6 months after withdrawal.
DISCUSSION
The objective of this study was to determine whether patients receiving stable treatment with sulfasalazine, possibly the second most prescribed DMARD in Europe (after methotrexate), without achieving full therapeutic response, could benefit either from switching to etanercept or from adding etanercept to their existing treatment with sulfasalazine. We found that patients treated with etanercept, alone or added to sulfasalazine, showed a rapid and sustained improvement in all efficacy variables compared with those receiving sulfasalazine alone. The improvement seen with the etanercept monotherapy group in this study was similar to that seen in previous trials. 8 22 Improvements were seen as early as the first scheduled assessment-that is, after 2 weeks of treatment-and were persistent. The percentage of ACR 20 responders in the two groups receiving etanercept tended to level off after the first 12 weeks, but the percentage of responders achieving the stricter ACR 50 and ACR 70 measures continued to rise throughout the 24 weeks. The differences between etanercept alone and the combination treatment were minor and inconsistent: a faster onset of response was seen with etanercept alone in the counts of swollen and painful joints and in ACR 50, whereas the combination produced a noticeably greater reduction in ESR (but not in CRP) at several time points.
Physical function, as measured by HAQ, was markedly improved in patients receiving etanercept. Although we noticed a numeric trend in favour of the combination, the difference was not significant. Our results are in agreement with HAQ-derived results in other etanercept trials. All three treatments were well tolerated. Although the group remaining on unchanged sulfasalazine treatment benefited from pre-trial selection, no substantial safety advantage was detected for the group continuing sulfasalazine. As expected, both groups receiving etanercept had significantly more patients with ISRs than did the group receiving sulfasalazine. Reports of infectious adverse events were higher with etanercept monotherapy than with sulfasalazine monotherapy or the combination therapy, but we found no difference in incidences of serious infections. Tuberculosis was not reported in any of the three treatment groups. The non-infectious adverse events, including headache, asthenia, nausea and pruritus, tended to occur more often with the combination than with etanercept alone and the difference reached significance for some common adverse events. Although the mean difference in WBC counts for the group receiving combination was statistically lower than for the group receiving either monotherapy, the lower WBC counts did not seem to be clinically relevant. No reports of serious adverse events or discontinuations from treatment were associated with the low WBC counts. We observed no significant differences among the groups in the development of malignancies.
The safety and efficacy of sulfasalazine in combination with anti-TNF treatment has not been extensively studied in randomised clinical trials. In the only other placebocontrolled trial evaluating sulfasalazine, the safety trial of adalimumab in rheumatoid arthritis, adalimumab was added to the existing treatment in patients with active rheumatoid arthritis whose disease was not adequately treated by their current DMARD 24 (http://www.fda.gov/cder/biologics/ products/adalabb123102.htm). However, because of the small numbers of patients in each subgroup (sulfasalazine alone, n = 33; and sulfasalazine and adalimumab, n = 29), it is difficult to compare treatment arms. Furthermore, the safety trial of adalimumab in rheumatoid arthritis study did not include an adalimumab-alone arm. Overall, the combination of etanercept and sulfasalazine was as effective as etanercept alone and patients showed a marked improvement over the previous sulfasalazine treatment in the clinical efficacy measures assessed. Sulfasalazine may be safely complemented or replaced by etanercept, without any meaningful clinical efficacy advantage for the combination regimen. Adding etanercept in a step-up approach to sulfasalazine did not seem to offer any clinical advantage over switching to etanercept, which is in agreement with recent studies on combination therapies with other DMARDs. 25 However, in the absence of radiography data, it is not known whether these clinical results would be directly correlated with benefit from radiography. No unwanted immunological response was detected. ISRs occurred less often with the combination than with etanercept alone.
In conclusion, etanercept in combination with or substituted for sulfasalazine resulted in substantial improvements in the signs and symptoms of rheumatoid arthritis in patients who had active disease despite treatment with sulfasalazine. The overall results suggest that etanercept can replace sulfasalazine in patients with rheumatoid arthritis who show an inadequate response to sulfasalazine. 
